A laboratory experiment of two-stage mesophilic, low-dry mass, anaerobic digestion was carried out, focused on verifying the benefi t of processing the biscuit meal EKPO-EB instead of triticale silage Agostino (GPS) and corn silage LG3266 in a regular batch for the agricultural biogas station in Pustějov. While anaerobic digestion of ensilages is largely diffi cult due to the content of lignocellulose, biscuit meal provides a high yield of biogas or methane, respectively, thanks to its high content of simple saccharides and lipids. When the original GPS (or the replacement EKPO-EB, respectively) represented 0.81% of weight of the daily input mixture dose for the fi rst stage, the rise in volumetric methane production was 20% which is signifi cant. The biscuit meal EKPO-EB decomposes almost completely in the fi rst stage. Later, when the EKPO-EB represented 1.63% of weight of the daily input mixture dose for the fi rst stage, the rise in volumetric methane production was 54% in the fi rst stage and 16% in the second stage.
INTRODUCTION
In the past few decades especially in advanced countries, the benefi ts of anaerobic digestion have been observed in agriculture and also in the area of the inactivation and use of industrial, municipal and food biowaste 1, 2, 3 . A wide range of various biologically degradable waste is created in the food industry, which is largely landfi lled. The Directive No. 1999/31/EC on the landfi ll of waste 4 imposes on member states the duty to reduce the amount of biologically degradable waste landfi lled to 75% of the weight of this type of waste created in 1995 by 2010, to 50% of the weight by 2013, and to 35% not later than by 2020.
Although the Czech Republic can use a four-year postponement in the fulfi lment of these limits, it will not avoid future problems when complying with the requirements of the directive. Only a small part of biowaste from food industry productions is used for feeding purposes, and only a small part is used for biogas production, as well. This waste has long been considered only as materials for disposal, not as a potential for side raw materials of a high value 5, 6 . Waste generated by confectionery production is classifi ed in Group 2, Paragraph (h) 7 , "which stipulates the types, methods of utilization, and parameters of biomass for purposes of supporting the generation of electricity from biomass". This waste may be processed by agricultural BGS classifi ed both in the category of anaerobic processes AF2, and also AF1. 9 , respectively, does not apply to this waste.. For example, in Northern Moravia, the biscuit meal EKPO-EB can be processed at the biogas stations of Pustějov (AF1) or Klokočov (AF2).
The biscuit meal EKPO-EB was delivered for the experiment by CERVUS, s.r.o. Olomouc. The meal was prepared by targeted mixing of food industry biowaste, particularly waste unsuitable for feeding in terms of microbiology (chocolate mass, chocolate fi llings, fatty pastries, etc.), to show a higher biogas production than the standard biscuit meal EKPO 10 for feeding, which is often processed to produce biogas, as well, together with other unfed residues from agricultural farms. Compared to EKPO, EKPO-EB contains a higher portion of lipids and almost no fi brous substances such as cocoa peels. The exact composition of EKPO-EB was not provided by the manufacturer. It was confi rmed that EKPO-EB 1 kg can be used to obtain 0.900 m N 3 to 1.000 m N 3 of biogas, or approx. 0.450 m N 3 to 0.500 m N 3 of methane, respectively 11 . The biogas station Pustějov I is a classical agricultural biogas station operated using the wet anaerobic process, and with the installed electric power of 0.5 MW
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. In 2013, anaerobic digestion was implemented in two stages at this station, while one half of the total hydraulic biomass retention time fell on each of the reaction stages (active reaction volume of 2.100 m 3 ). The HRT of each stage was approximately 18 days. Based on the rules of operation of this BGS, the fi rst stage may be loaded with the maximum of 3.5 of organic dry mass per 1 m 3 and day. 
MATERIAL AND METHODS

Material
Substrate triticale silage Agostino (GPS) was also obtained from agricultural biogas station Pustějov. The material isn't often used for biogas production in the CR, but it is commonly used in other countries 13, 14 . The Triticale silage is characterized by high share of 13.8% starch and fi ber content of 24.01% by weight.
Corn silage LG3266 was also obtained from agricultural biogas station Pustějov. Unlike the substrate triticale silage Agostino it is a biogas substrate commonly used in agricultural biogas stations in the Czech Republic and especially in Germany. It is characterized by a high proportion of starch 23.8% and fi ber content of 24.82% by weight.
Biogas biscuit meal EKPO-EB was supplied by CER-VUS, Ltd. Olomouc. EKPO-EB was prepared by mixing the targeted biological waste from the food industry, especially waste microbiologically unsuitable for feeding (mass of chocolate, chocolate fi llings, fat dough etc.). EKPO -EB contains fi ber (0.40%), a higher percentage of lipids (16.40%) and starch (38.80%). The rest of the incoming raw mixture weren't analysed in detail. At this time biscuit meal EKPO serves primarily as a valuable additive in feed mixtures, but due to the gradual reduction of agricultural production the biscuit meal and other valuable feed are becoming waste increasing range that is removed / disposed of in landfi lls. The European Union mandates to reduce of biodegradable waste going to landfi ll.
Laboratory model
Two model fermenters of the same construction with a loading volume of 0.06 m 3 and continuous stirring ( Fig. 1 ) were used to carry out long-term tests of continuous mesophilic anaerobic co-digestion. The models were implemented at a scale of 1:35000. The average digestion temperature was kept at 40 ±3 o C with a continuous run of the low-speed stirrer (24 min -1 ). The measurements of biogas production were carried out with laboratory drum-type gas fl ow meters and the composition of the biogas was measured daily by a mobile analyzer with IR and electrochemical sensors and occasionally checked by gas chromatography. The total solids (TS), volatile solids (VS), pH and volumetric mass (bulk density) were measured for input mixtures and digestates twice a week. After each digestion test, average values of the parameters characterizing the input mixture, digestate, biogas and process itself were calculated.
ANAEROBIC DIGESTION TEST
The suspensions were taken from BGS Pustějov in the morning hours, transported, and inserted in the model the same day. The fi rst reaction stage of the model was fi lled with the suspension from the fi rst reaction stage of BGS Pustějov. The second reaction stage of the model was fi lled with the suspension from the second reaction stage of BGS Pustějov. The temperature at the beginning of the test was 30°C, and as early as during 10 hours, the required and further maintained temperature of 40 ±1 o C. From day 2 of the model test (for 44 days), the model was maintained with single daily dosing of the input mixture according to the established formula of the BGS. An appropriate amount of the input mixture was thus dosed in the fi rst stage, while the digestate from the fi rst stage was dosed in the second stage as a single daily dose. The digestate of the second stage was partially recycled in the input mixture for the fi rst stage (see Table 2 ), and partially poured away. Dosing did not take place on weekends and holidays, and therefore the mean hydraulic retention time of the biomass in individual reaction stages is longer than that of the BGS Pustějov operation (25 + 25 days in the model vs. 18 + 18 days at the BGS).
The experiment was divided in three periods: A, B and C. The duration of each test period was 44 days. In period A, the input mixture was dosed according to the established formula of BGS Pustějov. In period B, mixture containing EKPO-EB meal instead of the Triticale silage Agostino (GPS) was dosed. In period C, the dose of EKPO-EB was doubled, and the corn LG3266 portion was also replaced with the meal (see Table 4 ). The dose of EKPO-EB meal 30 g in the model matches approximately 1,000 kg of the meal in the BGS operation. Table 1 shows main parameters of the co-substrates. Tables 2-4 show the composition of the input mixture for the periods A, B and C.
RESULTS AND DISCUSSION
Period A -Co-fermentation of the input mixture based on the established formula of BGS Pustějov
In the first reaction stage, the mean amount of 0.124 m N 3 . d -1 of biogas, containing 54 vol. % of methane, was produced in this period through cofermentation of the input mixture having the volumetric weight of approx. 1,020 kg . m -3 , mean pH of 6.5, total dry mass content TS 9.3 wt.%, organic dry mass content VS 8.1 wt.%, volumetric load of the fermenter 3.36 kg VS . m -3 . d -1 and theoretical hydraulic retention time of 25 days. Specifi c biogas production amounted to 0.050 m N 3 . kg -1 , and specifi c methane production amounted to 0.330 m N 3 . kg VS -1 , respectively. The mean Table 3 . The composition of the daily feed mixture (operation BGS Pustějov versus model). Period B -Triticale silage Agostino (GPS) replaced with biscuit meal EKPO-EB Table 2 . The composition of the daily feed mixture (operation BGS Pustějov versus model). Period A -according to settled method by BGS Pustějov increase of biogas production was observed within 5 days from the change in the input mixture composition. The mean content of total dry mass in the reactor reached 4.5 wt.%, which is a value slightly lower compared to period A; this may have been caused also by different vertical distribution of undissolved particles of the dry mass in the reactor having an effect on the collection of digestate samples. The benefi t of processing the biscuit meal was evident considering that mean biogas production rose to 0.061 m N 3 . kg -1 and specifi c production of methane rose to 0.393 m N 3 . kg VS -1
, respectively. The graphic depiction of the test is presented in Figure 2 . In the second reaction stage, the digestate of the fi rst stage, having the volumetric weight of approx. , respectively. The mean content of total dry mass obtained in the reactor decreased to the mean value of 3.9 wt.%. The graphic course of the test is shown in Figure 3 . Compared to period A, biogas production rose by 19% in period B in the fi rst reaction stage, while the volumetric portion of methane remained virtually preserved at 54%, i.e. methane production rose approx. by 20%. In the second reaction stage, biogas production rose very slightly by 1.3%, while the portion of methane did not drop below 51.7 vol.%, i.e. methane production rose approx. by 0.1%. These results clearly show that the biscuit meal EKPO-EB was decomposed virtually completely in the fi rst fermentation stage already. Considering that the original triticale silage (or the replacement EKPO-EB, respectively), formed only 0.81% of the weight of the daily input mixture dose for the fi rst stage, the total rise in methane production is signifi cant. In practical implementation of the fi rst stage at BGS Pustějov, the proposed (modelled) change would mean processing more dry mass by approx. 520 kg daily. At the same time, the total dry mass content of the input mixture, using EKPO-EB instead of triticale silage, would rise only by 0.4 to 0.7 wt.%. The maximum volumetric load of the fi rst fermentation stage of 3.5 kg VS . m -3 . d -1 , as determined by the rules of operation, would not be exceeded because a reserve remains; however, the dry mass share of the targeted biomass production would decrease below 50 wt.%, which would require switching the BGS from the more advantageous mode AF1 to the mode AF2 (characterized by a lower purchase price of electric energy).
Period C -Triticale silage Agostino (GPS) and a part of corn silage LG3266 replaced with biscuit meal EKPO-EB
In this period, the input mixture containing 0,057 kg of biogas biscuit meal EKPO-EB was dosed for 44 days. This model dose corresponds to 2,000 kg of the meal in the BGS Pustějov operation, while 1,000 kg of the meal replace all triticale silage Agostino (GPS), and the other 1,000 kg replace a part of the corn silage LG3266 dose.
In the first reaction stage, the mean amount of 0.188 m N 3 . d -1 of biogas, containing 54 vol.% of methane, was produced in this period through co- . kg VS -1 , respectively. The mean content of total dry mass in the reactor decreased to the mean value of 3.5 wt.% Compared to period A, biogas production rose by 52% in period C in the fi rst reaction stage, while the volumetric portion of methane remained virtually preserved at 54%, i.e. methane production rose approx. by 54%. In the second stage a considerable rise in biogas production by 13% was seen in period C compared to period A, and the volumetric portion of methane rose to 54%, leading to a rise in methane production by approx. 16%.
If we consider that all of the input organic solids VS was biodegradable and the correction factor of water consumption by the anaerobic process was 0.85 (mean value of the indicated range typically from 0.7 to 1.0), see Robertson
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, than removal effi ciency of biodegradable organic solids is BVS 68.0% organic solids for period A, 79.9% for period B and 89,4% for period C. The value of the input BVS was not specifi ed, because the Table 4 . The composition of the daily feed mixture (operation BGS Pustějov versus model). Period C -Triticale silage Agostino (GPS) and a part of corn silage replaced with biscuit meal EKPO-EB content of gross lignin and others stable substances has not been analyzed. Curve of during (loss of ignition) input mixture was added in the graph 1. The content of organic substances in the reactor (loss of ignition) was relatively constant. Fluctuations in Graph 1 and 2 are largely made by especially problematic representative sampling of the rather than by actually happenning change.
In practical implementation of the BGS Pustějov, the procedure as per period C would require the processing of more dry mass by approx. 1,150 kg daily in the fi rst stage compared to regular practice. The dry mass content in the input mixture would reach approx. 12.4%, which should still cause no problems when pumping the mixture into the reactor. The benefi t of EKPO-EB seems to be very substantial here.
CONCLUSION
Physical modelling of the two-stage mesophilic, low-dry mass, anaerobic digestion outlined the benefi t of processing EKPO-EB-type biscuit meal for an agricultural biogas station Pustějov (0.5 MW e ), as regards biogas and methane production. If approximately 1,000 kg of triticale silage is replaced with EKPO-EB daily, biogas production would rise by 810 m N 3 d -1 and methane production would rise by approx. 437 m N 3 d -1 . The majority of biodegradable EKPO-EB meal mass would be converted to gas as early as in the fi rst fermentation stage, while the digestate from both the fi rst and second stages would show a slightly lower content of total dry mass, and it would be more homogeneous and more liquid. CERVUS, Ltd company supposes the application of biogas biscuit meal EKPO-EB in biogas stations in the Czech Republic not only in but also in the neighboring countries. They are also considering building their own fermenter. 
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